The vast majority of acute heart failure episodes are characterized by increasing symptoms and signs of congestion with volume overload. The goal of therapy in those patients is the relief of congestion through achieving a state of euvolaemia, mainly through the use of diuretic therapy. The appropriate use of diuretics however remains challenging, especially when worsening renal function, diuretic resistance and electrolyte disturbances occur. This position paper focuses on the use of diuretics in heart failure with congestion. The manuscript addresses frequently encountered challenges, such as (i) evaluation of congestion and clinical euvolaemia, (ii) assessment of diuretic response/resistance in the treatment of acute heart failure, (iii) an approach towards stepped pharmacologic diuretic strategies, based upon diuretic response, and (iv) management of common electrolyte disturbances. Recommendations are made in line with available guidelines, evidence and expert opinion.
Introduction
The natural history of heart failure is characterized by acute decompensation episodes, which are associated with increased morbidity and mortality and pose an economic burden on our society .
1,2 Increasing signs and symptoms of congestion are the main reasons why patients with acute heart failure seek urgent medical care. 3 -5 Even though congestion often develops over an extended period of time before acute presentation, the remainder
Congestion in heart failure

Definition and mechanisms of congestion
Congestion in heart failure is defined as signs and symptoms of extracellular fluid accumulation that result in increased cardiac filling pressures. 8 Filling pressures are the integrated result of the cardiac systolic and diastolic function, plasma volume, and venous capacitance/compliance. 9 -11 Heart failure with increased neurohumoral activation induces a state of increased renal sodium and water avidity resulting in an increased plasma volume.
11,12
Also, increased sympathetic output leads to splanchnic arterial and venous constriction resulting in blood redistribution from the splanchnic capacitance vasculature to the circulatory volume. This increases the effective circulating volume by redistribution, in a state where volume expansion is already present. 13 As a result, venous return and cardiac filling pressures increase. 11 Indeed, the venous capacitance function becomes compromised during states of longstanding venous congestion and/or increased sympathetic activation in acute heart failure. 11, 14, 15 Importantly, the term volume overload and congestion are often used interchangeably. However, it has been demonstrated that 54% of patients hospitalized for acute heart failure gain ≤ 1 kg during the month prior to admission, suggesting that volume overload incompletely characterizes the pathophysiology of acute heart failure and redistribution of volume may also contribute to the development of signs and symptoms of congestion. 16, 17 Furthermore, heart failure is often associated with cachexia which makes the interpretation of weight changes difficult. Additionally, cachexia might result in a loss of plasma proteins, reducing plasma oncotic pressure, hampering plasma refilling from the interstitium. 18, 19 Additionally, weight loss during hospitalization is not necessarily associated with improved in-hospital or post-discharge morbidity or mortality, however weight gain has been associated with poor outcome. 20, 21 Therefore, the European Society of Cardiology (ESC) guidelines for the diagnosis and treatment of acute and chronic heart failure recommend to distinguish acute fluid redistribution from true volume overload in patients presenting with congestion (no class recommendation). 7 As diuretics are mainly used to relieve excessive volume, the remainder of this manuscript will focus on congestion with excessive volume overload.
Detecting congestion in heart failure
Although the intravascular pressure-volume relationship may vary across individuals and clinical conditions, the gold standard for diagnosing congestion in heart failure is cardiac catheterization with direct measurement of right atrial pressure and pulmonary capillary wedge pressure (PCWP). 22 However, the invasive nature of this technique limits its routine use in clinical practice. Furthermore, the use of pulmonary artery catheterization to guide decongestive therapy did not improve outcome in the Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) study in comparison to serial clinical assessment, despite significantly improving
haemodynamics. 23 The diagnostic accuracy of non-invasive clinical and technical assessments of congestion has been validated against invasive haemodynamic evaluation and shown a variable sensitivity and specificity ( Table 1) . 22 -28 Physical signs and symptoms of congestion are based on detecting increased filling pressures and/or the extravascular fluid build-up secondary to the increased filling pressures. As such, the jugular venous pulse is the most useful physical finding for determining a patient's volume status. Not only does an elevated jugular venous pulsation (JVP) detect systemic congestion, but there is good sensitivity (70%) and specificity (79%) between high JVP and elevated left-sided filling pressure. Changes in JVP with therapy usually parallel changes in left-sided filling pressure although significant inter-observer variability regarding the extent of JVP elevation exist. 29 -31 However, in a series of 50 patients with chronic heart failure it was shown that physical signs of congestion (rales, oedema and JVP elevation) were absent in 42% of patients with a PCWP ≥ 22 mmHg. 32 Additionally, there is a waning of skills in performing physical examination in current practice. 33 Also, while a chest X-ray can show signs of lung congestion and pleural fluid, 20% of patients with congestion exhibit a normal chest X-ray. 34 In comparison to chest X-ray, lung ultrasound is better in ruling out interstitial oedema and pleural effusions. Lung ultrasound detects B-lines originating from extravasated fluid into the interstitium and alveoli. 35, 36 More than three B-lines in more than two intercostal spaces bilaterally are considered diagnostic for the detection of interstitial and alveolar oedema in acute heart failure. Echocardiographic parameters ( Table 1) can be used to estimate right-and left-sided filling pressures, although with less certainty in acute heart failure. 25 Estimation of right atrial pressures can be performed by assessing the collapsibility and width of the vena cava. Doppler imaging and tissue Doppler can be used to assess left-sided filling pressures. With rising filling pressures, an increase in early diastolic mitral inflow velocities (E wave) occurs. This is indicative of increased filling pressures in the presence of a low e', especially if E-wave deceleration time is short and A-wave velocities are low. 28 Nevertheless, the use of e' might be limited in advanced heart failure. 25 Guidelines suggest the measurement of natriuretic peptides (NPs) in all patients with acute heart failure, especially to distinguish from non-cardiac causes of dyspnoea (class I recommendation, level of evidence A). 7 NPs have a high negative predictive value for ruling out acute heart failure with congestion [thresholds for excluding acute heart failure; B-type natriuretic peptide (BNP) < 100 pg/mL, N-terminal pro BNP (NT-proBNP) < 300 ng/mL and mid-regional pro atrial natriuretic peptide < 120 pg/mL]. 7, 37 In patients with history of heart failure or cardiac disease, the combination of signs and symptoms of congestion, an indicative chest X-ray and the measurement of elevated NPs allows for the diagnosis of congestion. 22, 38 According to local availability, these tests can be supplemented with transthoracic echocardiography or lung ultrasound. In line with the ESC guidelines, direct haemodynamic evaluation should be reserved for patients with cardiogenic shock, refractory pulmonary oedema or suspected mismatch between left and right-sided filling pressures (class IIb recommendation, level of evidence C) or in cases of uncertainty of the haemodynamic status. 
Clinical evaluation
Determination of euvolaemia
Many patients are discharged with residual clinical congestion. 39 -41 For example, only 15% of patients were assessed to be euvolaemic by their treating physician in the Diuretic Optimization Strategies Evaluation (DOSE-AHF) study after decongestive therapy. 42 Importantly, clinical congestion at discharge is a strong predictor of poor outcome and readmission, especially in the setting of worsening of renal function. 20, 43, 44 However, even in patients with limited clinical signs and symptoms of congestion at discharge, outcome can remain poor, pointing towards a role of subclinical congestion. 45 Relief of dyspnoea is a poor marker of decongestion, as patients without dyspnoea frequently still have significant clinical or haemodynamic congestion. 39, 46 The same applies to attaining a similar body weight loss when the patient was stable. 47 Determining euvolaemia or the optimal stopping point for decongestive therapy remains a major challenge in heart failure. At 48 However, their performance in detecting the euvolaemic point without residual haemodynamic congestion is unclear. Increasing interest is being placed on biomarkers in detecting a state of decongestion, as they have the advantage of being easy to measure. To serve as a biomarker for decongestion, markers do not only need to be correlated with congestion at a certain time point, but also need to respond to changes in congestion status rapidly and reliably. NPs are released in response to increased myocardial wall stress, hereby reflecting intracardiac filling pressures. However, many additional factors may influence the NP levels in addition to wall stress. 37, 49 To date, no randomized controlled trial has demonstrated that NP-guided decongestive therapy in acute heart failure improves clinical outcome. 50 However, changes in NP concentrations over time may help to further stratify risk, as reductions in previously elevated NP levels, whether achieved spontaneously or through application of appropriate medical therapy, appear to be associated with an improvement in clinical outcomes 50, 51 Soluble CD146, carbohydrate antigen-125 and adrenomedulin are novel biomarkers more precisely reflecting vascular congestion. They could potentially offer incremental information in addition to the value of NPs reflecting cardiac congestion. However, their use is currently restricted to the field of research and less embedded in clinical practice. 52 -54 An increase in haemoglobin (haemoconcentration) after decongestion has been proposed as a marker of the reduction of intravascular volume. 55 -57 However, haemoconcentration only provides a surrogate for a relative reduction in plasma volume between two time points and it therefore does not provide an indication of the absolute plasma volume (which might be the target). 58 Only late haemoconcentration (e.g. during the last days of hospitalization) was associated with improved outcome, making it a poor candidate to guide decongestive therapy. 56 In addition, changes in haematocrit are small, and can also relate to bleeding, phlebotomy, splenic pooling of blood and postural changes. Importantly, an increase in plasma creatinine is frequently interpreted in clinical practice as a decrease in effective circulating volume, prompting physicians to reduce decongestive therapy, based on the often false assumption that further decongestion might result in renal tubular damage. Indeed, during decongestion, an increase in creatinine . 20 In addition, an overemphasis on serial biomarker level assessment as a surrogate for changes in volume status might lead to inappropriate dose escalation of loop diuretics among patients without significant residual congestion, potentially increasing the rate of hypotension, renal dysfunction, and other adverse events. In contrast, improved biomarker levels may provide false reassurance that decongestion has been achieved. In line with a previous position paper, the use of a multi-parameter-based evaluation of congestion pre-discharge, using clinical assessment at rest and during dynamic manoeuvres as well as biomarkers, supplemented with technical assessments according to local expertise, is probably the best contemporary strategy (Figure 1 ), but has never been prospectively evaluated. 22, 61, 62 Figure 1 Integrative euvolaemia/congestion evaluation at discharge. 6MWT, 6-minute walk test; BNP, B-type natriuretic peptide; HJR, hepato-jugular reflux; HR, heart rate; JVP, jugular venous pulsation; NP, natriuretic peptide; NT-proBNP, N-terminal pro B-type natriuretic peptide; SBP, systolic blood pressure. ∘ The cut-off for NT-proBNP to exclude congestion as endorsed by the Heart Failure Association position paper on grading congestion is higher than the cut-off endorsed by the European Society of Cardiology guidelines to exclude acute heart failure. *Chest X-ray can be clear but presence of abnormalities suggests higher degree of congestion. Partially adapted from the Heart Failure Association position paper on assessing and grading congestion in acute heart failure. 22 
Figure 2
Sites and mode of action and effects on sodium reabsorption in the nephron of different diuretics. AQP2, aquaporin-2; AVP, arginine vasopressin; cAMP, cyclic adenosine monophosphate; eNaC, epithelial sodium channel; HF, heart failure; PKA, protein kinase A; SGLT2, sodium-glucose linked transporter-2.
Mechanisms of action of diuretics in heart failure
In the case of congestion with volume overload, chronic retention of sodium and water further expands intravascular volume, resulting in excessive extravascular fluid build-up. Other than ultrafiltration, the only pathway to get rid of sodium and water is through increased renal natriuresis and diuresis. Diuretics increase renal sodium and water output. Thorough knowledge of their pharmacokinetics and pharmacodynamics are mandatory for their successful employment. 63 The site of action of cellular mechanisms of different diuretics are listed in Figure 2 and a synopsis of their pharmacologic properties is presented in Table 2 .
64
Diuretic response and resistance in heart failure
In achieving euvolaemia, the degree of volume overload and diuretic response will determine the success of therapy. 65 The capacity of inducing natriuresis or diuresis following diuretic administration is defined as diuretic response. Diuretic resistance is defined as an impaired sensitivity to diuretics resulting in reduced natriuresis and diuresis limiting the possibility to achieve euvolaemia. 66 Diuretic response should always be interpreted in light of the dose and type of the diuretic agent administered and the degree of volume overload, body composition and kidney function. form the mainstay of diuretic therapy in heart failure, the terms diuretic resistance and loop diuretic resistance are often used interchangeably. 65 ,67 -69 To assess the response to an initiated diuretic regimen, physicians need an indicator of the diuretic response. Currently, net fluid output and changes in body weight are frequently used. While assessment of weight might appear to be a simple measurement, it is technically challenging and fluctuations in weight might not represent changes in volume redistribution. 47 Furthermore, there is a poor correlation between weight loss and fluid output. 47 As the objective of diuretic therapy is to get rid of excessive sodium (and accompanying water), the measurement of urinary sodium content has recently experienced a renewed interest as an indicator for diuretic response. 70 -73 In addition to measuring sodium in a continuous urinary collection, a spot urine sample 1-2 h following loop diuretic administration has recently demonstrated an excellent correlation with total urine sodium output in a 6 h urine collection. 73 This strategy might allow the clinician to determine loop diuretic response in a systematic and timely fashion, potentially allowing for more timely adjustments in therapy. However, during consecutive days of loop diuretic therapy in acute heart failure, urinary sodium composition changes significantly. 74 Despite persistent increased urinary volume output (diuresis), renal sodium output (natriuresis) diminishes over time. Therefore, increasingly hypotonic urine is produced during consecutive days of loop diuretic therapy, which might relate to numerous factors including altered renal haemodynamics, differential substrate delivery (sodium and/or diuretics), neurohormonal factors and structural kidney alterations. Although several studies have illustrated the prognostic value of urinary sodium following a first administration of a loop diuretic, its prognostic value during consecutive days remains unstudied. The pathophysiology of diuretic resistance is multi-factorial and involves sympathetic nervous system activation, reninangiotensin-aldosterone system (RAAS) activation, nephron remodelling, pre-existing renal function alterations, disrupted pharmacokinetics and dynamics of diuretics and intravascular fluid depletion due to slow plasma refilling. 65, 75, 76 Therefore, a stepped pharmacologic approach focused on achieving successful decongestion with alterations in diuretic therapy based on early and repetitive treatment assessment is suggested to be superior to standard high-dose loop diuretics in patients with worsening of renal function (serum creatinine increase of > 0.3 mg/dL within previous 12 weeks before decompensation), as assessed in a post-hoc analysis of the DOSE-AHF and the Renal Optimization Strategies Evaluation (ROSE-AHF) trials. 77, 78 Practical use of diuretics in acute heart failure Goals of therapy in acute decompensated heart failure Before initiating decongestive therapies in acutely decompensated patients, the distinction should be made if volume overload or volume redistribution is contributing to congestion. 79 The goals of therapy in patients presenting with congestion and volume overload consists of (i) achieving thorough decongestion without residual volume overload. Nevertheless, the optimal stopping point of decongestive therapy is often difficult to determine, as alluded to above. (ii) Ensuring adequate perfusion pressures to guarantee organ perfusion. (iii) Maintaining guideline-directed medical therapies as these medications may also increase diuretic response and improve long-term survival. 80, 81 When patients with heart failure with reduced (HFrEF) or preserved ejection fraction (HFpEF) decompensate, they often can present with a similar profile of congestion. 82, 83 Therefore, the goal of decongestive therapy is similar in terms of diuretic use in patients with HFrEF and HFpEF. 7 A practical stepped approach to diuretic treatment and assessment in acute heart failure is reflected in Figure 3 . Once euvolaemia has been achieved, loop diuretic therapy should be continued at the lowest dose that can maintain euvolaemia. 7, 8 Additionally, enrolment of patients in a detailed multi-disciplinary heart failure care management programme, promoting medication adherence, up-titration of disease-modifying therapy, cardiac rehabilitation, treatment of underlying co-morbidities, timely follow-up with the health care team, and screening for additive device-based and medical interventions therapies is essential. 7 
Loop diuretics
Loop diuretics form the backbone of diuretic therapy in acute heart failure, being used in over 90% of patients. 3 are heavily protein-bound (> 90%) and need to be secreted into the proximal convoluted tubule through several organic anion transporters. Therefore, adequate dosing with sufficient plasma levels is pivotal as renal perfusion is often reduced in heart failure, resulting in diminished secretion of loop diuretics. Additionally, decreased plasma protein content can result in reduced secretion of loop diuretics. Loop diuretics inhibit the Na-K-2Cl symporter at the ascending loop of Henle, and have the most potent diuretic effect, promoting excretion of sodium and chloride (and potassium, albeit to a lesser extent than thiazides). 64 The pharmacological properties of the different loop diuretics are presented in Table 2 . The bioavailability of orally administered furosemide is highly variable (10-90%), and is determined by absorption from the gastrointestinal tract into the bloodstream. 6 The oral bioavailability for torsemide and bumetanide are consistently higher than 80-90%. In addition, torsemide has a longer half-life in heart failure patients when compared to furosemide or bumetanide. 84 Although some smaller studies suggested superior diuretic effect of torsemide, no large randomized studies have compared the difference between different loop diuretics. 85 The Torsemide Comparison with Furosemide for Management of Heart Failure (TRANSFORM-HF) trial (NCT03296813) is planned to randomize 6000 heart failure patients who are hospitalized. While heart failure need not to be the reason for hospitalization, its objective is to detect a difference between furosemide vs. torsemide for the primary endpoint all-cause mortality. Given the wide range of bioavailability of oral furosemide, variance exists in the conversion calculation. Therefore an oral dose of 40 mg of furosemide is generally equivalent to 10-20 mg of torsemide and 0.5-1 mg of bumetanide. Importantly, loop diuretics may also lead to renin release by the macula densa by blocking chloride uptake, further stimulating RAAS. Furthermore, chronic use of loop diuretics induces compensatory distal tubular sodium reabsorption through hypertrophy of tubular cells, leading to reduced natriuresis. 8 Guidelines recommend the use of intravenous loop diuretics in acute heart failure, as the uptake of oral diuretics (particularly furosemide) can be diminished in the face of congestion due to bowel oedema (class I, level of evidence B). 7 Optimal dosing and timing of intravenous loop diuretics are pertinent. Loop diuretics exhibit a threshold concentration to invoke natriuresis, necessitating a minimal drug dose prior to exceeding the baseline rate of sodium excretion. 6, 86 Afterwards a log-linear increase in the dose is necessary to achieve a ceiling in natriuretic response. Further increasing the loop diuretic dose beyond this ceiling will not result in a greater rate of peak natriuresis, however it will lead to a longer period of loop diuretic over the threshold level and thus increases total natriuresis. Similarly, multiple administrations can cause additional natriuresis, as it increases the duration of time above a natriuretic threshold. These pharmacologic characteristics lead to the following recommendation in acute heart failure: (i) diuretic naïve patients with acute heart failure should receive a dose of intravenous furosemide of at least 20-40 mg furosemide equivalent. The higher dose should be considered in patients with pre-existing kidney dysfunction as it is associated with a rightward shift in the dose-response curve. 6, 86 (ii) Patients on an ambulatory diuretic regimen should receive at least the pre-existing oral dose administered intravenously. The DOSE-AHF trial demonstrated that high loop diuretic dose (2.5 times the usual home dose, with at least 80 mg/day furosemide equivalents) in comparison to low dose (equal to home dose) resulted in a favourable effect on secondary endpoints of dyspnoea relief, change in weight and net fluid loss. 42 Worsening of renal function (defined as an increase in creatinine by more than 0.3 mg/dL) occurred more in the high-dose group. However, a post-hoc analysis of the DOSE-AHF trial illustrated that this increase in creatinine did not portend a worse outcome. 87 In addition, the high-dose group was associated with better outcomes when adjusted for the total amount of loop diuretics received, suggesting that adequacy of loop diuretic dosing to reach the 'ceiling' threshold is key. 88 Determining the individual ceiling dose in a patient is difficult and is influenced by numerous factors, including previous treatment with loop diuretics, body composition, degree of volume overload and kidney function. However, an intravenous dose ranging between 400-600 mg furosemide vs. 10-15 mg bumetanide is generally considered as the maximal total daily dose above which limited additional natriuresis should be expected but side effects will continue to increase. Generally, loop diuretics are given in multiple doses (twice to three times daily). Intravenous loop diuretics should be administered as early as possible, since early loop diuretic administration is associated with lower in-hospital mortality. 89 In the DOSE-AHF trial, no difference was seen in the primary endpoint between continuous or bolus infusion. However, continuous infusion was not preceded by a bolus loading dose which might have resulted in not reaching the threshold dose in the continuous infusion group. If bolus infusion is given, doses should be split-up into doses with at least 6 h intervals, to maximize the time above the natriuretic threshold and to avoid rebound sodium retention. 90 Continuous infusion should be preceded by a loading dose, which assures the prompt achievement of a steady-state of plasma loop diuretic concentration. 6 
Stepped pharmacologic care Early evaluation and loop diuretic intensification
The majority of the diuretic effect of intravenous loop diuretics occurs within the first couple of hours with a return to baseline sodium excretion by 6-8 h. Early evaluation of the diuretic response is therefore warranted and will allow for the identification of patients with a poor diuretic response. 67, 69, 73, 74 This will permit early intensification of loop diuretic dose and/or using a strategy of sequential nephron blockade (combining diuretics with a different mode of action). Although this concept has yet to be formally tested in prospective trials, such a strategy is important in several aspects. Firstly, persisting congestion further compromises organ function. 91 Secondly, the plasma refill rate (the rate at which fluid is mobilized from the interstitium into the plasma compartment) might drop during decongestion. 92, 93 Thirdly, patients are often hospitalized in acute care units for the first days, where intensive adaptation of therapy is more likely to occur than in a regular ward. Additionally, faster decongestion might be especially valuable in health care systems where length of hospital stay needs to be short.
In addition to the evaluation of vital signs, daily weights, and signs/symptoms of congestion as endorsed by ESC guidelines (class . I recommendation, level of evidence C), this Cardio-Renal Dysfunction Study Group proposes the active evaluation of diuretic response early after start of therapy. Diuretic response may be evaluated using urinary volume output and post-diuretic (spot) urinary sodium content as outlined in Figure 3 . To allow for standardization and reliable results, patients presenting with congestion need to empty their bladder before the administration of diuretics. The degree of bladder emptying could potentially be checked using a bladder scan. Afterwards, determination of urinary spot sodium content allows the clinician to interpret diuretic response, thereby generating the opportunity to intervene if sodium content is low. In the face of congestion with volume overload, a spot urine sodium content of < 50-70 mEq/L after 2 h, and/or an hourly urine output < 100-150 mL during the first 6 h, generally identifies a patient with an insufficient diuretic response. 72, 73, 94 In patients who produce sufficient urinary volumes following a first intravenous loop diuretic administration, urinary sodium is almost universally high. However, more recent data indicate that in patients with a low to medium volume output, spot urinary sodium content offers independent prognostic information on heart failure admissions on top of urinary volume output. 71 Prompt doubling of loop diuretic dose might allow the attainment of a loop diuretic ceiling dose earlier (as alluded to in the loop diuretic section). After these doses are achieved, addition of another diuretic agent should be considered, as increasing the loop diuretic dose any further does not induces incremental diuresis/natriuresis. In the Cardiorenal Rescue Study in Acute Decompensated Heart Failure (CARRESS-HF), a strategy of stepped pharmacologic therapy was compared with ultrafiltration in acute decompensated heart failure patients with worsened renal function and persistent congestion (online supplementary Figure S1 ). The pharmacologic care approach using early assessment of urinary output with adjustment of loop diuretic dosing and the addition of a thiazide-like diuretic, resulted in equal decongestion compared to ultrafiltration, however with fewer serious adverse events. 95 Post-hoc comparisons with the DOSE-AHF and ROSE-AHF trials indicates that a stepped pharmacologic care approach was also associated with greater net fluid and weight loss, without compromising renal function. 77, 78 As urine sodium content rarely changes discordantly to urine output during the first day of decongestive therapy (in the absence of excessive fluid intake by the patient), it seems reasonable to assess urinary sodium content always together with urine volume to adjust diuretic intensity during the first day. Insufficient data are available to support the use of urinary sodium during consecutive days of decongestion. In the CARRESS-HF trial, a urinary output of > 5 L per day allowed the physicians to reduce diuretic intensity, however continuation of the diuretic regimen may be acceptable if renal function and blood pressure remain stable.
Thiazide or thiazide-like co-administration
Thiazide and thiazide-like diuretics encompass a large class of agents that block the sodium-chloride co-transporter (NCC) in the distal convoluted tubule. 96 Therefore, from a theoretical point of view, they may partially overcome distal increased sodium avidity accompanied with chronic loop diuretic use. Large geographical differences exist in the use of thiazide-like diuretics with metolazone being the most used thiazide-like diuretic in the United States. 97 The different molecules have a similar blocking effect of NCC, however they differ in terms of half-lives and off-target effects ( Table 2) . In contrast with loop diuretics, metolazone and chlorthalidone have a slow gastrointestinal absorption (time to peak up to 8 h) and a very long half-life, therefore if low oral doses are started, they should be given hours before the intravenous loop diuretic is administered as it will take a long time until a steady state is achieved. However, chlorothiazide has a short half-life so it should be given closer to the loop diuretic. In healthy individuals, the maximal diuretic effect of a thiazide is limited, generating a diuretic response of maximum 30-40% of a loop diuretic when used in monotherapy. 96 Thiazides are also protein bound requiring adequate renal blood flow to be secreted into the tubules. Furthermore, thiazides can induce significant kaliuresis, as per sodium ion lost 2-3 ions of potassium are excreted. 98 This potassium losing effect is especially pronounced in high aldosterone states, such as heart failure. 99 The rationale for using thiazides in acute heart failure is based on the finding of increased distal nephron sodium avidity in the case of (prolonged) loop diuretic administration. 100 Indeed, animal data indicate that distal nephron hypertrophy occurs following chronic loop diuretic administration, which might explain loop diuretic resistance to an extent. 101 In contrast to conventional teaching, more recent evidence does support the effectiveness of thiazides in patients with a reduced glomerular filtration rate (< 30 mL/min). 102 There are no randomized controlled trials published in heart failure testing the use of thiazide diuretics. Currently, there is a study ongoing comparing Metolazone Versus Chlorothiazide for Acute Decompensated Heart Failure With Diuretic Resistance (NCT03574857). A meta-analysis of existing observational data underscores the frequent occurrence of hypokalaemia. In a propensity-matched analysis of real-world use of thiazides (combined with lower-dose loop diuretics) and high-dose loop diuretics in heart failure patients, thiazides, but not high-dose loop diuretics, were independent predictors of the occurrence of hyponatraemia and hypokalaemia with an indication towards a higher risk for all-cause mortality. 103 Given the relative safety of high-dose loop diuretics in the DOSE-AHF trial, a preference might be given to initial intensification of the loop diuretic dose before adding a thiazide diuretic. 42 However, in the CARRESS-HF-trial, the addition of metolazone was an intrinsic part of the stepped pharmacologic algorithm, resulting in the recommendation of thiazides as a second-line agent in the Heart Failure Society of America practical guidelines. 90 
Mineralocorticoid receptor antagonists
Mineralocorticoid receptor antagonists (MRAs) exhibit pleiotropic effects, but their renal effects consist of modulating the expression/activity of sodium and potassium channels in the distal nephron. MRAs have a class I recommendation as a disease-modifying therapeutic agent in symptomatic chronic HFrEF, counteracting the aldosterone escape generated by neurohormonal over-activation. 104, 105 Recently in acute heart failure, the . incremental diuretic effect of high-dose MRA therapy in addition to standard loop diuretic therapy has been tested in the Aldosterone Targeted Neurohormonal Combined with Natriuresis Therapy in Heart Failure (ATHENA-HF) trial. 106 Therapy with 100 mg of spironolactone per day was not superior to 25 mg per day in reducing NT-proBNP or increase urine output after 96 h. However, as illustrated in Table 2 , spironolactone is a pro-drug with onset of action only 48-72 h after oral intake, which could account for the observed nil-effect. However, high-dose MRA was safe, as it did not result in hyperkalaemia or worsening of renal function. Furthermore, MRA therapy might be useful in offsetting the hypokalaemic effect of potassium-wasting loop and thiazide diuretics.
106 -108 Importantly, data indicate marked under-utilization of MRAs as a disease-modifying drug class in HFrEF. 109 It is the opinion of the expert panel that early initiation of a MRA, in a regular dose (25 mg), might be useful in reducing treatment-induced hypokalaemia and may lead to higher chance of HFrEF patients being discharged on an optimized disease-modifying therapy regimen. However, the use of MRA in the acute settings needs to be individualized with temporarily discontinuation in case of the development of hyperkalaemia.
Acetazolamide
Due to haemodynamic alterations in heart failure with a reduction in renal blood flow with a correspondingly increased filtration fraction, important increases in proximal nephron sodium avidity occur. 9, 63 From a pathophysiological point of view, targeting sodium reabsorption in the proximal tubules has several potential benefits in heart failure. First, most sodium is reabsorbed in the proximal nephron, especially in decompensated heart failure. Second, greater delivery of chloride to the macula densa cells decreases renin production, reducing neurohumoral activation. 9 Third, endogenous natriuretic peptides (acting in the distal nephron) will possibly regain their effects. 110 The carbonic anhydrase inhibitor acetazolamide inhibits sodium reabsorption in the proximal tubules. An observational study in patients with decompensated heart failure and marked volume overload indicated that the addition of acetazolamide (500 mg intravenous bolus on top of loop diuretic) improved loop diuretic response with ∼100 mmol Na + excreted per 40 mg of furosemide dose equivalents. 69 Additionally, acetazolamide efficiently boosts the diuretic response in combination with loop diuretics, as illustrated by one small randomized trial including 24 patients with acute volume overload refractory to loop diuretic therapy. 110 A multicentre, randomized, double-blind, phase IV clinical trial of the diuretic effects of Acetazolamide in Decompensated heart failure with Volume OveRload (ADVOR, NCT03505788) will investigate if combination therapy with acetazolamide improves loop diuretic response to increase diuresis in decompensated heart failure patients. 111 Observational studies have only assessed the role of intravenous acetazolamide, and no data are available supporting the role of oral acetazolamide.
Other potential agents
In addition, the new diabetic drug class of sodium-glucose linked transporter-2 (SGLT2 inhibitors) also inhibit proximal sodium absorption (Figure 2) . 9, 112, 113 Two trials in diabetic patients with mostly established cardiovascular disease, illustrated that SGLT2 inhibitors reduced heart failure hospitalizations and resulted in a less steep slope of glomerular filtration rate decline over time. 114, 115 However, the potential of SGLT2 inhibitors in heart failure with or without diabetes remains unknown. Several trials are ongoing in testing the disease-modifying effect of SGLT2 inhibitors in the setting of both chronic and acute heart failure. Amiloride inhibits distal epithelial sodium channels (ENaC), and anecdotal evidence suggests that ENaC inhibition can result in decongestion with a lowering of filling pressures. 116 Furthermore, chronic over-expression of ENaC has been implicated in the thiazolidinedione-mediated volume retention witnessed in diabetics. Finally, vasopressin antagonists limit distal nephron free water re-uptake by counteracting arginine vasopressin, which results in a limited availability of luminal aquaporin water channels in the renal collecting ducts. This results in increased aquaresis without significantly impacting natriuretic response. The selective V 2 -receptor antagonist tolvaptan did not result in a reduction of morbidity or mortality in the Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study With Tolvaptan (EVEREST) study in acute heart failure patients when added to standard therapy. 117 This limits its use in heart failure with congestion, as extracellular volume expansion is mainly driven by sodium retention. However, in more advanced stages of heart failure inappropriately high levels of arginine vasopressin contribute to plasma expansion and dilutional hyponatraemia. More recently, early use of tolvaptan and use in patients with diuretic resistance, renal dysfunction or hyponatraemia, did result in more weight loss, but no significant improvement in dyspnoea relief. 118, 119 Currently, vasopressin antagonists are only indicated in patients with severe hyponatraemia, and their widespread use might be limited by the high drug costs. In Europe, tolvaptan is available but not officially approved for heart failure by the European Medicines Agency.
Ultrafiltration
Ultrafiltration removes plasma water across a semipermeable membrane driven by a machine generated transmembrane pressure gradient. There is limited compelling evidence to support ultrafiltration as first-line therapy over loop diuretics in patients with acute heart failure. 95, 120 Therefore, in most centres, ultrafiltration is reserved as a bail-out therapy to relieve congestion if stepped pharmacologic care fails. 121 Of note, the Peripheral Ultrafiltration for the RElief From Congestion in Heart Failure (PURE-HF) trial (NCT03161158) is evaluating whether tailored, peripheral veno-venous ultrafiltration (CHIARA System) complementary to low-dose diuretics is associated with a reduction in cardiovascular mortality and heart failure hospitalization in 90 days after randomization compared to usual care including stepped intravenous diuretics in acutely decompensated chronic heart failure with fluid overload (not fully responsive to diuretic therapy). Renal replacement therapy allows for management of metabolic complications of anuria/oliguria such as hyperkalaemia, acidosis and uraemia, 95, 121 although in a large proportion of cases such use has poor long-term prognosis, especially when systemic perfusion . 122 Additionally, in the CARRESS-HF trial, the proportion of patients with catheter-related access site bleeding and infection was numerically higher in the ultrafiltration group.
Diuretic use and electrolyte abnormalities
Electrolyte abnormalities resulting from neurohormonal activation, kidney dysfunction, or iatrogenic due to the employed diuretic regimen occur frequently during episodes of acute heart failure, mostly affecting sodium and potassium handling. 121, 123, 124 Recently, also alterations in chloride metabolism have been recognized to independently predict adverse outcomes. 125 Hyponatraemia, defined as a plasma sodium concentration < 135 mEq/L, is the main abnormality of sodium homeostasis occurring in acute heart failure whereas hypernatraemia rarely occurs. A sub-analysis of the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) illustrated that 20% of patients had hyponatraemia at the time of admission. 126 The incidence of hospital acquired hyponatraemia during decongestive therapy for acute heart failure ranges between 15-25%. 127 The pathophysiology of hyponatraemia in heart failure is either due to the inability to excrete free water (dilution hyponatraemia) or either due to a depletion of sodium (depletion hyponatraemia), 123 or a combination of these factors. A practical approach to hyponatraemia is reflected in Table 3 . After confirmation of a low serum osmolality, the differentiation between dilution and depletion is made on the basis of the clinical picture and urinary analysis. Abnormalities in the potassium homeostasis are typically the result of the employed pharmacologic therapy in heart failure in combination with pre-existing renal impairment. Hypokalaemia (plasma K < 3.5 mEq/L) occurs typically in acute heart failure secondary to diuretic-induced diuresis with potassium wasting. 110 In clinical practice, loop diuretic use is the most common reason for hypokalaemia, however thiazide diuretics do exhibit an even stronger kaliuretic effect. 110 Treatment consists of adding upfront MRA therapy during decongestion, increasing RAAS blockade and supplementation of potassium ( Table 3) . In addition to potassium wasting, diuretics often induce the loss of magnesium, potentially resulting in therapy-refractory hypokalaemia. Although not supported by strong evidence, magnesium supplementation could be considered during diuretic treatment. Although less common than hypokalaemia during acute heart failure, hyperkalaemia (K > 5.0 mEq/L) can occur in patients on RAAS blockade, especially in the case of pre-existing renal impairment. 128 A clinical approach to hyperkalaemia is reflected in Table 3 .
Diuretics in chronic heart failure
The ambulatory loop diuretic dose is variable Ultimately potassium must be removed from the body with either diuretics, potassium binding resins, or RRT.
• Chronic hyperkalaemia: reduces dose RAAS blocker, increase loop diuretic, potassium binders ABG, arterial blood gas analysis; ADHF, acute decompensated heart failure; AVP, arginine vasopressin; ECG, electrocardiogram; HCO fraction. Indeed, diuretics are the only group of drugs with a class I recommendation in patients with heart failure with reduced, mid-range, or preserved ejection fraction. 7 However, the effects of diuretics in chronic heart failure on morbidity and mortality have not been studied in large prospective randomized controlled trials. Several observational studies have linked loop diuretic use to increased mortality, even after multivariate adjustment or propensity matching. 129 However, potential bias remains as sicker patients are generally prescribed (higher doses of) loop diuretics. A Cochrane meta-analysis has shown that in patients with chronic heart failure, loop diuretics and thiazides might reduce the risk of death and worsening of heart failure in comparison to placebo and could lead to improved exercise capacity. 86 However, this meta-analysis included only small studies with limited follow-up, showing unrealistically large reductions in events. Moreover, this analysis was not updated in 2016 as requested by the Cochrane Institute and subsequently withdrawn. Therefore, the prognostic effect of diuretic therapy is still unknown. Clearly, patients at risk for congestion would benefit from maintenance therapy with a loop diuretic. However, in patients at low risk for developing worsening of congestion, the use of loop diuretics might indeed result in electrolyte disturbances, further neurohormonal activation, accelerated kidney function decline, and symptomatic hypotension.
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The latter might especially be relevant in patients with HFrEF as it could result in treatment with lower doses of neurohormonal blockers. 43 Therefore, it is generally advised to use to the lowest possible dose of diuretics and the dose of the loop diuretic often needs to be adjusted to the individual need. 131, 132 Importantly, the individual diuretic need significantly changes over time. This was clearly illustrated by a post-hoc analysis of the CardioMEMS Heart Sensor Allows Monitoring of Pressure to Improve Outcomes in Class III Heart Failure (CHAMPION) trial, which indicated that mainly increases but also decreases in loop diuretic dose were the most common therapy changes made by treating physicians. 133 Nevertheless, uncertainty exists about the optimal dose of loop diuretics following discharge. For patients who developed an acute heart failure episode while previously taking a loop diuretic before admission, a higher dose following discharge might need to be used. Additionally, in case that this previous loop diuretic was furosemide, a switch to either bumetanide or torsemide might be considered, as they have a more predictable absorption pattern and bioavailability, especially in the face of subclinical congestion. However, defining the most appropriate outpatient dose of diuretic can be difficult and requires careful follow-up, particularly early in the post-discharge period. The chronic use of thiazides in the stable ambulatory setting (sequential nephron blocking) should be avoided, if possible, as this practice often induces severe electrolyte disturbances that could go undetected in the ambulatory setting. Additional research is needed to evaluate ambulatory metrics (in addition to pulmonary pressures) of volume status, which might allow easier adaptation of loop diuretic therapy. Registry data indicate that mildly symptomatic heart failure patients [New York Heart Association (NYHA) class I and II] are generally treated with similar doses of loop diuretics as more symptomatic heart failure patients (NYHA class III and IV). 134 This underscores the importance to re-assess loop diuretic need following the initiation . A recent pilot study illustrated the potential of self-measuring urine chloride content after loop diuretic intake using a dipstick to determine the need for maintenance loop diuretics in stable ambulatory heart failure patients. 136 Despite the guideline recommendation to use the lowest possible dose of diuretics and discontinue loop diuretics if possible, little information is available on discontinuing loop diuretics in contemporary treated heart failure patients.
137,138
A prospective interventional study in 50 stable ambulatory heart failure patients assessed the feasibility of loop diuretic down-titration and discontinuation. 138 At 30 days, down-titration remained successful in 62% of patients, however baseline investigations including physical examination, echocardiography and NP measurement were not capable to predict in which patients loop diuretic down-titration would be successful or not.
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Heart failure disease management strategy
The goals of heart failure care are dynamic and vary according to the stage of heart failure. In the ambulatory patient, care should focus on up-titrating disease-modifying drugs, evaluating the need for device-based therapies, enrolling patients in multidisciplinary disease-modifying programmes, focusing on self-management, physical activity, and dietary interventions. 7 Furthermore, efforts should be made to reduce readmission and improve quality and longevity of life. With average salt intake in the western world reaching up to 6-8 g, it has been recommended by the ESC guidelines to avoid excessive high salt intake (>6 g NaCl = 2.4 g Na per day) and excessive fluid intake (no class recommendation). 7 Salt and fluid restriction are often underscored in disease-modifying programmes. Yet, animal and epidemiologic data suggest that an excessively low sodium intake (<2 g Na + per day) is associated with cardiac remodelling and worse clinical outcome. 139 Currently four trials are evaluating the benefit of sodium restriction, including one trial assessing a hard clinical endpoint. 140 A meta-analysis on fluid restriction did not indicate benefit or harm when performed in heart failure patients. 141 Therefore, dietary restrictions should be adapted according to the clinical context. In the case of acute heart failure with dilution hyponatraemia, more stringent fluid restriction is necessary.
Gaps in knowledge and future directions
Evidence-based medicine with respect to diuretic treatment in heart failure remains difficult as only a limited number of small prospective studies have been performed. Ongoing research is necessary to determine the ideal diuretic strategy and to optimally evaluate full decongestion (euvolaemia) in heart failure. The role of urinary sodium to assess the adequacy of diuretic therapy in acute heart failure should be further assessed prospectively. The role of hypertonic NaCl infusion in conjunction with high-dose loop diuretics in hyponatraemic volume overloaded patients needs to be studied as this concept is supported by several analyses, however suffering from methodologic restrains. 142 Randomized controlled trials are necessary assessing the decongestive properties of diuretics other than loop diuretics or MRAs. Novel effective and safe pharmacologic or mechanical methods to achieve decongestion without inducing end-organ damage are needed. Furthermore, several upcoming studies will investigate the optimal use of current diuretic treatment options. The TRANSFORM-HF will assess the superiority of torsemide in comparison to furosemide in reducing all-cause mortality. Furthermore, ongoing studies are testing the effect of subcutaneous furosemide in comparison to oral furosemide.
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Supplementary Information
Additional supporting information may be found online in the Supporting Information section at the end of the article. Figure S1 . Summary overview of the CARRESS-HF trial.
